Epidemiologic studies have applied the glycaemic index (GI) and glycaemic load (GL) to assessments of usual dietary intake. Results have been inconsistent particularly for the association of GI or GL with diabetes incidence. We aimed to advance understanding of the GI and GL as applied to food frequency questionnaires (FFQ) by evaluating GI and GL in relation to plasma measures of glycaemia. Included were 1255 adults at a baseline examination (1994-6) and 813 who returned for the 5-year follow-up examination. Usual diet, at both examinations, was assessed by a validated FFQ. GI and GL were evaluated in relation to average fasting glucose (two measures at each examination) and 2 h post-75 g glucose load plasma glucose (baseline and follow-up), and glycated haemoglobin (A1c; follow-up only); using generalized linear models. Correlation coefficients (r) for GI and GL related to measures of glycaemia, adjusted for total energy intake, ranged from 2 0·004 to 0·04 (all NS) for both examinations. Adjustment for potential confounders, for fasting glucose in models for 2 h glucose (to model incremental glucose) and for average fasting glucose in models for A1c (to account, in part, for overnight endogenous glucose production) also did not materially alter findings, nor did inclusion of data from both examinations together in linear mixed models. The present results call into question the utility of GI and GL to reflect glycaemic response to food adequately, when used in the context of usual diet. Further work is needed to quantify usual dietary exposures relative to glucose excursion and associated chronic glycaemia and other metabolic parameters.
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Dietary assessment: Habitual diet: Epidemiologic studies
Glycaemic index (GI) and glycaemic load (GL) have been incorporated into food frequency questionnaire (FFQ)-based assessments of usual diet in large epidemiological studies; however, associations of GI and GL with diabetes incidence have been reported inconsistently. Two large prospective studies were negative for GI and GL (Meyer et al. 2000; Stevens et al. 2002) , one was positive for both GI and GL (Salmeron et al. 1997a) , two were positive for GI but negative for GL (Salmeron et al. 1997b; Schulze et al. 2004) , and one was positive for GI (Hodge et al. 2004) .
Reasons for inconsistent findings are not well understood and may relate to the underlying concept of GI and GL when used in the context of usual dietary intake rather than single food or single meal effects. The premise of GI is that glucose excursion due to ingestion of a carbohydrate-containing food, relative to that of a standard food, is fairly constant across individuals and thus can be quantified as GI for that food (Jenkins et al. 1981; Wolever et al. 1991) . GI values currently utilized have been determined based on glucose excursion 2 h after ingestion of test foods or meals administered in the fasting state (Foster-Powell et al. 2002) to non-diabetic individuals. In contrast, usual dietary intake involves the cumulative exposure to food consumed throughout the day, with some meals or individual foods consumed prior to glucose returning to the basal state. And, usual diet summarizes intake over a period of several months or (commonly) 1 year. These distinctions may be highly relevant to understanding GI as applied to usual diet for three reasons. First, macronutrients in mixed meals often elicit glucose and insulin excursions well beyond the 2 h used to establish the GI (Gannon & Nuttall, 1987; Nuttall & Gannon, 1991) , thus chronic physiological effects of mixed meals may not be captured adequately by the GI when applied to usual diet. Second, it has been shown that glycaemic response to the same meal consumed serially through the day (4 h apart) can vary considerably (Nuttall et al. 1985; Gannon & Nuttall, 1987; Ercan et al. 1994) ; this is not considered in the application of GI to assessment of usual diet by FFQ in epidemiological studies. Third, debate continues regarding the impact of dietary protein and fat in the overall diet on glycaemia (Nuttall & Gannon, 1991; Eckel, 2003; Gannon et al. 2003; Gannon & Nuttall, 2004) , and several methodological limitations of relevant work to date have been noted (Eckel, 2003) .
The goal of the present analysis was to elucidate the meaning of GI in the context of an assessment of usual dietary intake, and thereby to shed light on the inconsistent findings of GI and GL in relation to diabetes incidence. Because GI is based on glucose excursion resulting from ingestion of food, we considered that GI of a usual diet measured in a large cohort of adults should be associated with inter-individual variation in various measures of glycaemia. In particular, we hypothesized that GI and GL of the usual diet would be positively associated with glycated haemoglobin (A1c), which provides a weighted average of glycaemia over approximately the preceding 3 months (Tahara & Shima, 1995) . We based this hypothesis on the finding that acarbose, which pharmacologically slows carbohydrate digestion, is effective in lowering A1c in a dose-dependent fashion (Coniff et al. 1994; Bischoff, 1995) . Similarly, usual diets that are lower in GI would be expected to be more slowly digested and absorbed (Jenkins et al. 1981; Wolever et al. 1991) and would thus be associated with lower A1c. Analyses were conducted in the multi-ethnic, adult participants in the Insulin Resistance Atherosclerosis Study (IRAS), for whom usual diet was assessed by a FFQ validated within the study population (Mayer-Davis et al. 1999b) .
Research design and methods

Subject selection
The design of IRAS has been described in detail elsewhere (Wagenknecht et al. 1995) . Participants were recruited at four clinical centres between 1992 and 1994 for the IRAS baseline examination. The goal was to obtain nearly equal representation of participants across glucose tolerance status (normal glucose tolerance; impaired glucose tolerance; noninsulin-taking type 2 diabetes mellitus); race/ethnicity (African American, Hispanic and non-Hispanic white); sex; and age (40-49, 50 -59, 60 -69 years) . Race/ethnicity was determined by self-report using 1990 US census questions. The final sample comprised 1625 people, of whom 38 % were non-Hispanic white, 34 % Hispanic and 29 % African American. Normal glucose tolerance was present in 44·4 %, 22·7 % had impaired glucose tolerance and 33·1 % had type 2 diabetes. All participants provided written informed consent as approved by their respective field centre's institutional review board.
A follow-up visit occurred during 1997-9 (average followup was 5.2 years, range 4.5 -6.6 years), and 1313 participants (81 %) returned. Those who attended the follow-up examination were similar to those who did not attend in terms of ethnicity, sex, baseline glucose tolerance status (normal glucose tolerance v. impaired glucose tolerance), and BMI (all comparisons, P. 0·3) (Hanley et al. 2002) .
Data collection
For both the baseline and the 5-year follow-up examinations, IRAS required a two-visit protocol, the first to determine glucose tolerance status and the second to measure insulin sensitivity. Participants were asked to fast for 12 h prior to each of the two visits, abstain from heavy exercise and alcohol for 24 h, and refrain from smoking on the morning of the visit. From visit 1, a 2 h, 75 g oral glucose tolerance test (OGTT; Orange-dex, Custom Laboratories, Baltimore, MD, USA) was performed during the first visit, and WHO criteria (World Health Organization, 1985) were used to assign glucose tolerance status. Individuals currently taking oral hypoglycaemic medications were classified as having type 2 diabetes regardless of the results of the OGTT. Average fasting glucose (from the two visits), 2 h postprandial glucose from the OGTT (2 h glucose) and A1c were the outcome variables of interest for the present report. Average fasting glucose and 2 h glucose were obtained at both the baseline and the 5-year follow examinations. Plasma glucose concentration was measured in duplicate using the glucose oxidase technique on an autoanalyser (Yellow Springs Equipment Co., Yellow Springs, OH, USA). A1c, obtained only at the 5-year follow-up examination, was measured by automated microparticle immunoassay using whole blood (Penn Medical Laboratory, Medlantic Research Institute, Washington, DC, USA). Anthropometric measures were taken with the participant in lightweight clothing with shoes removed. Height and weight were measured in duplicate and recorded to the nearest 0·5 cm and 0·1 kg, respectively. BMI was calculated as weight/height 2 (kg/m 2 ). Usual frequency of vigorous physical activity was ascertained in an interviewer-administered, 1-year activity recall that incorporated activities current among IRAS participants (Mayer-Davis et al. 1998) .
Usual intake of diet was assessed by interview using a 1-year, semi-quantitative 114-item food frequency interview, modified from the National Cancer Institute Health History and Habits Questionnaire, to include regional and ethnic food choices across the four clinical centres (Mayer-Davis et al. 1999b) . Participants were asked to recall intake of foods and beverages over the past year. Interviewers were centrally trained and certified, and audiotapes of interviews were reviewed quarterly. The validity and reproducibility of the IRAS FFQ to measure nutrient intake has been demonstrated in a subset of the IRAS population (Mayer-Davis et al. 1999b) . Daily nutrient intake was estimated from the FFQ using an expanded nutrient database (HHHQ-DIETSYS analysis software, version 3.0; National Cancer Institute, Bethesda, MD, 1993; supplemented with information from the Minnesota Nutrition Data System PC System, Program 2.3; Nutrition Coordinating Center, 1990). Intake of alcoholic beverages was evaluated separately using a frequency approach with additional questions about recent use and average lifetime use.
Estimation of dietary glycaemic index and glycaemic load
We assigned mean GI values based on the white bread standard from published data (Foster-Powell et al. 2002) and other available resources (T. M. S. Wolever, personal communication) to all 114 FFQ line items plus three items assessed in the examination 1 interview on alcohol consumption (beer, wine, liquors) plus several additional foods that were identified in open-ended questions as being consumed more than once per week. Where multiple foods were assessed in a single FFQ line, we assigned a GI value that was the weighted average of the food-specific GI values.
The weighting factors were determined based on the prevalence of estimated population consumption of those items (Block et al. 1986; Mayer-Davis et al. 1999b) . Food items containing minute amounts of carbohydrates (e.g. meat, fish and some vegetables) were assigned a GI value of 100 (the GI of white bread, based on the white bread standard), which is assumed to not affect the estimated daily GI due to small amounts of carbohydrates consumed with these foods (Jenkins et al. 1994) . Cheese was assigned the GI of milk. All GI values presented here are based on the white bread standard because a majority of papers from the epidemiological literature to date have used the white bread standard (rather than the glucose standard). Average dietary GI and GL were computed as follows. Note that computation included digestible carbohydrate only (calculated as total carbohydrate minus fibre) because only digestible carbohydrates are considered in establishing GI values. 
Statistical analysis
Of the 1625 individuals included in the final IRAS cohort at baseline and 1313 who returned for the follow-up examination, these analyses were limited to 1295 individuals at visit 1 and 862 at visit 2 who had either normal or impaired glucose tolerance, or who had previously undiagnosed diabetes. This permitted a reasonably wide range of glycaemia, while avoiding individuals being treated for diabetes or those with increased glycaemia due to the marked increase in glucose production by the liver known to occur in longstanding diabetes. Individuals with a known diagnosis of diabetes were excluded on the premise that knowledge of the condition might have altered their dietary behaviour, potentially biasing study findings. Also excluded were participants with missing data on the outcome variables, dietary variables and covariates, resulting in a final sample size of 1255 for the baseline examination analyses, and 813 for the follow-up examination analyses. Further detail regarding minor sample size reductions due to occasional missing data for various models is provided in the tables. Dietary variables considered as main exposures included GI and GL. Dietary carbohydrate, fibre, starch, fructose and glucose were also evaluated as a secondary analysis. Unadjusted association between GI or GL and measures of glycaemia were assessed by a one-way ANOVA, where differences between the means of the outcomes by GI or GL quintiles were evaluated. The association was further explored by correlations between the dietary variables and outcomes adjusted for total energy intake. Subsequent analysis used generalized linear models for analysis. Covariates for this set of analyses were total energy intake, demographic variables (age, sex and ethnicity/clinic), lifestyle factors (alcohol intake, current smoking and vigorous activity), BMI and family history of diabetes. Because family history did not contribute appreciably to the models (after adjustment for all other covariates), models presented herein were not adjusted for this variable. Finally, other macronutrients were added to the models (dietary fat and protein) to adjust for potential confounding by these variables.
For the outcomes 2 h glucose and A1c, we also adjusted for fasting glucose as follows. For 2 h glucose, we wished to evaluate the potential contribution of GI or GL of a usual diet to inter-individual differences in incremental glucose excursion after a standard load, therefore we adjusted for fasting glucose from the OGTT and refer to this result in terms of 2 h incremental glucose. For the outcome A1c, it was recognized that A1c reflects chronic glycaemia over time, incorporating both endogeneous glucose production and postprandial response. To account, at least in part, for the contribution of overnight glucose production to chronic glycaemia captured in A1c, the average fasting glucose (from the two visits at the follow-up examination) was entered into the final model.
Finally, data from both examinations were pooled in linear mixed models (Littell et al. 2000) in order to maximize statistical precision for associations of GI and GL with measures of glycaemia (other than for A1c, which was available only at the second examination). This approach incorporated a total of 2071 observations. Regarding criteria for statistical significance, adjustments to statistical testing to account for multiple comparisons generally assume that the tests are independent of each other (Perneger, 1998) . In this paper, by design, we employed several measures of glycaemia as outcome measures; thus inherently, the tests performed were not independent of each other. Therefore, adjustments for multiple comparisons were not made and the traditional criteria for statistical significance (P, 0·05) was used. All analyses were performed using SAS version 8.2 (SAS Institute Inc., Cary, NC, USA).
Results
Descriptive characteristics of the study participants at the baseline and follow-up examinations are shown in Table 1 . Mean GI at baseline and follow-up was 82·66 (SD 5·59) and 82·48 (SD 5·31), respectively. GL was 181·54 (SD 80·81) at baseline and was 171·36 (SD 80·92) at follow-up. At baseline, percentage energy from carbohydrate and fat were 49·1 (SD 8·5) and 33·5 (SD 7·2), respectively. Table 2 shows measures of glycaemia (unadjusted) according to quintile of GI or GL, for each examination. No statistically significant associations were observed.
Correlation coefficients for associations of dietary variables, adjusted only for total energy intake, with measures of glycaemia are presented in Table 3 . No statistically significant associations were observed for any measure of glycaemia in relation to either GI or GL, at either examination. Several statistically significant associations were seen for carbohydraterelated nutrients in relation to measures of glycaemia. Lower intake of starch and fibre was associated with higher average fasting glucose at both examinations; however, statistical significance (P, 0·05) was reached only at baseline for starch, and only at follow-up for fibre. Higher starch intake was associated with greater incremental 2 h glucose (2 h postprandial glucose adjusted for fasting glucose, P, 0·05 only at follow-up), and higher intake of fructose and glucose was associated with lower incremental 2 h glucose at follow-up (P,0·05). Dietary fibre intake was inversely associated with A1c (r 2 0·08, P,0·05). Table 4 shows results of regression modelling for each measure of glycaemia, sequentially adjusted for covariates. GI was not associated with any measure of glycaemia at either examination. For average fasting glucose, inverse associations comparable in magnitude were observed for GL and total carbohydrate, although associations were attenuated and were no longer statistically significant after adjustment for lifestyle factors (at follow-up, Table 4, model 2) or for BMI (at baseline, Table 4 , model 3). After adjustment for demographic variables, lifestyle factors and BMI, dietary starch tended to be inversely associated with average fasting glucose (0·05 # P, 0·10 for both examinations, Table 4 , model 3) as was dietary fibre (0·05 # P, 0·10 for follow-up, Table 4 , model 3). Dietary glucose tended to be inversely associated with 2 h postprandial glucose, after adjustment for covariates (0·05 # P, 0·10; Table 4 , model 3). For 2 h incremental glucose (Table 4 , model 4 for 2 h postprandial glucose adjusted for fasting glucose), dietary Exposure b{ Dietary fructose  Follow-up  0·01  0·03  0·02  0·03  0·02  0·03  0·01  0·02  Dietary glucose  Follow-up  0·02  0·03  0·02  0·03  0·03  0·03  0·01  0·02 * P, 0·05. † Adjusted for total energy intake, age, sex, ethnicity and clinic. ‡ Adjusted for total energy intake, age, sex, ethnicity, clinic, alcohol intake, smoking status and activity. § Adjusted for total energy intake, age, sex, ethnicity, clinic, alcohol intake, smoking status, activity and BMI. k Adjusted for total energy intake, age, sex, ethnicity, clinic, alcohol intake, smoking status, activity, BMI, and fasting glucose or average fasting glucose if outcome is glycated haemoglobin, indicating 2 h incremental glucose as outcome. { b is change per 1 SD of exposure. ** Average of two values of fasting plasma glucose measured 1 week to 1 month apart. Due to missing values, sample size for baseline examination was 1218 and 775 for follow-up examination. † † Due to missing values sample size for analysis with glycated haemoglobin as outcome was 775. glucose tended to be associated at baseline (0·05 # P, 0·10) but was inversely associated at follow-up (P, 0·05). Also at followup, dietary starch was positively, and fructose was inversely, associated with 2 h incremental glucose (both P, 0·05). For the outcome A1c, only dietary fibre was statistically significantly, inversely, associated (P,0·05) after adjustment for demographic variables and lifestyle factors (Table 4 , models 1 and 2). This association did not remain statistically significant after BMI was included in the model (0·05 # P, 0·10, Table  4 , model 4). Finally, models were adjusted for average fasting glucose, thus modelling exposures in relation to chronic glycaemia due primarily to dietary influences rather than to overnight endogenous glucose production; none of the dietary variables was significantly associated with A1c (Table 4 , model 4). Further adjustment of final models (models 3 and 4) for dietary fat and protein (either separately or together) to account for possible confounding due to fat and protein in mixed diets did not materially alter the findings (data not shown).
Analyses were repeated after exclusion of individuals with previously undiagnosed diabetes. Results were essentially unchanged for GI and GL. Among the other dietary variables, dietary fibre was significantly, inversely associated with average fasting glucose (at follow-up examination), 2 h postprandial glucose (at both baseline and follow-up examinations), 2 h incremental glucose (at follow-up examination) and A1c (all P, 0·05). At the baseline examination dietary fibre was inversely associated with average fasting glucose and 2 h incremental glucose but did not reach significance (0·05 # P, 0·1). Dietary starch was significantly, positively associated with 2 h postprandial glucose at follow-up examination (P, 0·05).
Analyses were repeated using linear mixed models to incorporate observations from both examinations for associations of GI and GL with measures of glycaemia (other than A1c); no statistically significant associations were detected (data not shown). From stratified analyses, neither African American participants nor Hispanic participants differed from non-Hispanic white participants in terms of associations between GI or GL and A1c. And, in formal tests of interaction terms for the outcome variable A1c, again, no differences were detected across race/ethnic groups. Primarily because we observed no statistically significant associations between GI from the assessment of usual dietary intake over the prior year and current measures of glycaemia, we did not pursue further analyses of associations between GI and measures of glycaemia at follow-up, 5 years hence.
Discussion
The major finding of these analyses was that no statistically significant association was observed for GI in relation to fasting glucose, postprandial glucose, incremental postprandial glucose or A1c; either at baseline or at the follow-up examination. Furthermore, GI was not associated with A1c after adjustment for fasting glucose. For GL, an inverse association was observed relative to fasting glucose, although statistical significance was not attained consistently between examinations (Table 4 , models 1, 2 and 3). GL tended to be associated with 2 h incremental glucose (0·05 # P, 0·10; Table 4 , model 4) at baseline but not at the follow-up examination. Findings for GL were very closely mirrored by findings for total carbohydrate, which may be accounted for by the high correlation between GL and total carbohydrate, after adjustment for total energy intake (r 0·89 and 0·92 at baseline and follow-up, respectively). We did observe several statistically significant associations of other carbohydrate-related variables in relation to measures of glycaemia, particularly for dietary fibre; however, these tended to be small in magnitude and inconsistent between the baseline and follow-up examinations.
The underlying rationale for our expectation that GI of the usual diet would be directly associated with A1c arises from the underlying rationale for the use of acarbose to prevent or treat type 2 diabetes. Acarbose, an a-glucosidase inhibitor, inhibits amylase and sucrase enzyme activity and thus slows carbohydrate digestion. In a dose-dependent fashion, acarbose decreases postprandial glucose and insulin excursions, and via reduced hyperinsulinaemia, triacylglycerol uptake into adipose tissue and hepatic lipogenesis is reduced (Bischoff, 1995) . In human subjects with diabetes, acarbose has been shown to reduce A1c levels substantially (approximately 0·7 to .1 %) and in a dose-dependent manner (Coniff et al. 1995) . This general pathway is essentially that which has been proposed as the principle underlying GI, namely that slowed digestion and absorption of carbohydrate from food, accomplished via choice of low-GI foods, will similarly yield long-term metabolic benefits initiated by blunted glucose excursions following consumption of carbohydratecontaining foods (Wolever, 1990) .
Studies of GI of test meals have yielded results that would support the utility of this index to capture the multitude of factors that contribute to digestion and absorption rates of carbohydrate-containing foods, and predict glucose response to foods (Wolever et al. 1991) . Recently, the 'physiological validity' of the concept of GL of breakfast meals, in which variation in GL in the test meals was associated with plasma glucose measured 2 h after ingestion of the test meals (Brand-Miller et al. 2003) , was demonstrated.
Whether the results of these short-term studies can be translated to use of GI or GL in the study of long-term health effects of a usual diet is uncertain. Findings of the present report would suggest that the simple incorporation of GI or GL into an assessment of usual dietary intake from a validated food frequency instrument may, in fact, have little utility relative to the original concept of GI. And, GL appears to provide little information beyond total carbohydrate content of the diet. This is not to say that GI, as currently quantified, does not provide some indication of diet quality. Schulz et al. (2004) have recently described many strong correlations of GI and GL with a variety of nutrients and foods, also from the IRAS FFQ. GI and GL of usual diet was associated with total energy intake (r 0·25 and 0·91, respectively, P,0·001). After adjustment for total energy intake, GI was inversely associated with fructose, glucose, sucrose and fibre; positively associated with starch; inversely associated with protein; and positively associated with dietary fat (total and major fat subtypes) (all P, 0·001). White bread, beer, meats and fries/ fried potatoes were positively associated with GI, and intake of fruits and low-fat milk was inversely associated with GI (all P, 0·001); as would be expected.
Previous studies suggest that usual dietary intake may be related to A1c. In a study of nearly 10 000 individuals, those who took sugar with tea or coffee, those who used solid fat for cooking and those who drank whole milk (rather than reduced-fat milk) had higher A1c than those without these dietary habits; however, A1c did not vary with intake of dried beans and peas, fruits, vegetables and salads, cakes or sweets (Gulliford & Ukoumunne, 2001) . GI from 3 d food diaries was associated positively with A1c in a large cohort of individuals with type 1 diabetes (Buyken et al. 2001) ; however, use of insulin in this population makes this finding difficult to interpret relative to the aim of the present study.
There are several limitations of the present work that may have contributed to the lack of a statistically significant association of GI or other carbohydrate-related exposure variables with A1c in the present study (other than the significant association observed for fibre intake except in the final model). First, the removal of more metabolically vulnerable individuals in the follow-up examination of those individuals who either failed to return for that examination, and of those who advanced (especially from impaired glucose tolerance) to type 2 diabetes by the time of the follow-up examination may have unduly restricted the range of A1c required to detect the effect of interest. Second, although the IRAS FFQ has been validated in a subsample of the IRAS cohort (Mayer-Davis et al. 1999b) , this FFQ was not constructed originally for the purpose of capturing GI, and GI values are not available in the nutrient database used in the validation study (Nutrition Coordinating Center, 1990) . Thus the validity of the GI values generated by the IRAS FFQ is unknown, and this information has not been published from other similar FFQ to which GI has been added. Nonetheless, the mean GI in IRAS was essentially identical to GI values from the NHANES study (Ford & Liu, 2001) , and the IRAS FFQ has yielded statistically significant associations between various nutrients and food groups, and health outcomes (Mayer-Davis et al. 1997 ,1999a Bell et al. 2000; Liese et al. 2003 Liese et al. , 2004 . A third potential limitation was sample size, given that some previously published positive results for an association of GI with diabetes incidence were conducted in study samples far larger than that available from IRAS (Salmeron et al. 1997a,b) . Given the sample size of 775 for A1c at the second examination and the standard deviations of A1c and GI in the present dataset, a correlation coefficient of 0·013 could be detected with 80 % power; thus, the study had adequate statistical power to reasonably expect to detect a statistically significant association between GI and A1c, if one truly existed. For other measures of glycaemia evaluated, data were re-analysed to maximize precision in estimates of association by use of data from both examinations in a linear mixed model. Still no statistically significant associations were observed between GI and the outcomes. Finally, there may have been insufficient exposure to low GI diets in the IRAS population to detect a true association between GI and measures of glycaemia.
Despite these limitations, we suggest that the lack of association reported herein between dietary GI and any measure of glycaemia, together with the inconsistencies in the published literature for the effect of dietary GI on diabetes incidence, may be due primarily to inadequate utility of the GI to capture the true metabolic impact of foods consumed as part of a usual diet. Similarly, inconsistencies in the present report regarding associations of carbohydrate-related nutrient variables with measures of glycaemia may reflect inadequate capture by these specific nutrient variables of the overall impact of carbohydrate-containing foods on chronic glycaemia. As summarized by Gannon & Nuttall (1987) , it remains true today that considerable methodological work will be needed to generate a dietary measure or set of measures that capture the known nutrient and non-nutrient determinants of carbohydrate digestion and absorption rates, and their metabolic effects. Such measures should incorporate quantifiable characteristics of food so that the underlying effects of foods can be better understood. For example, the eventual (post-absorption) glucose content of the food, the ratio of amylopectin: amylase of starch-containing foods, and cooking times, or other food processing that substantially affects the digestibility of starch may need to be incorporated into this measure. It has been suggested that the glucose excursions should be quantified based on glucose excursion through the time required for glucose to return to the basal state, rather than on a more limited or predetermined time period (Gannon & Nuttall, 1987; Nuttall & Gannon, 1999) . In addition, the amount of time required for glucose (and perhaps insulin) (Gannon & Nuttall, 1987; Nuttall & Gannon, 1991 , 1999 Holt et al. 1997 ) to return to basal levels following ingestion of a food alone or in a mixed meal, as well as time-related patterns of sequential meals and snacks, may be important to quantify. In summary, we suggest that the concept of GI has allowed development of important hypotheses regarding the impact of food intake on glucose excursion and associated metabolic parameters. However, considerable methodological work is now required to further our understanding of the specific contributors of usual intake of carbohydrate-containing foods on these metabolic parameters, and on relevant disease states.
